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TUliFACK. 

In. writing tliiw ])Ook tlie I li.i\e in view 

is first to ]nit bi'fore the a.p])reiiliee, anrl lo an- 
SW(T, tliat frc^qucnt question: “ How would you 
make it?”; then to exjdaiii to tlu' ofiK^ral smilli 
and toolsmith in as siinph' nnd as interesting a 
manner as p()ssihl(' mod(‘rn methods of smithing. 
1 hav(' carefully avoidt'd nnneeessaiw reading 
matter, as the sketches will show' a* a glance 
wdiat to do. I liav(! also ineliidc'd a list of 
“ don’ts ” for tlu' general smilh and toolsmith. 

The treatment throiigliout is hasi'd on ])rac- 
tical experience and will, 1 believe, he a valuable 
aid to all hlacksmilhs and ]u-ogressivc w’orkin\s. 

TOM WOliMALJ). 


WAKfJFiiiLD, SfjtU'iuber, 1921. 
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CHAPTER J. 


Tntkoduction or ArpJtKVTji’r to Shop TooiiS. 

We will b(igin if ij\lro(liieiiin a nt^w a])])r('nticc 
to tlio shop, and follow on M.ccoidin;:;ly. Wo 

wiir assume luilias i)een in tlio shop eighteen months 
or two years and has made histone's and a h-w other 
thin^^s, for it is most im])Oitant tliat tlw' ap])renLice 
should make Jiis own tools siiitahh^ to his own requirev 
meiits, and foi* the class of work he is on^^a^ed upon, 
They should he made li^^ht and easy to handle ; it is 
a most im})ortant part of his tj’ade to be able to use 
and handle tfu* tools freely and wiRi ease,tis thoi'e is 
a certain amount of skill even in the use of the 
haTid ha?ninei‘. The followin^^ sketches show a few 
tools used under the steam hammer. 


Some Tools lskd cndlii the Httum IIammek. 



] Icxa^oji aV ages. 

1 




Collar swagca. 



Cleaver. 
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Chopping tools for cold iron. 


SoMi.: n.VMMr^R Tools. 
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The above .sketohos show bow to make tf)ngs by tlircc turns 
to the right. Shanks ran either be drawn out solid or welded 
on ; the latter is the best and most s'^rviceable \v.av. 




Pair of clamps for hammer work. When the piece is very 
sliort and iieavj for tlic clamps, a very good plan is to have 
t'vo pieces of yiiping and to fit tiiem on ttie handles for leverage. 



INTOODFCTION OF APPRENTICE TO SHOP TOOLS. T) 


How 'I’o DKAW Btkel and Ikon undek 'I'iie 
JIa.mmkk. 

Tij dmwiii" out steel uikL'k the liaiiutier, the host 
and quickest way is to “pinch” it, tliat is to put a 
liltle bit under at once; l)y so doin^^ you p]‘('V(‘nt the 
hammer from makin^^ tin* steel soli<l and not drawiiif.j 
it longer. It is posKil)l«‘ for one man to make a 
cej'tain ])i(;ce of steel conn; lon^^<‘r tha?i anotluT by 
this method. If \ou are dravvin*^ out a Jai>^e piece 
under, say, an 8-c\vt. hammer, wliich is assumed to 
be employed for most of the forj^ing in this book, a 
very good plan is to ])lace a piece of Hat iron, say, 
12 ins. X jj ill. on top of the steel, and move it at 
almost evtu'y blow of the hammt‘)’ ; this will sti'eteh 
the steel and prevent the face of the hanmu-r from 
taking up the heat out of the steel, ^fhe same 
method is very useful if you want to got the full 
width from a certaiu piece of steel or iioii. In this 
case the piece of iron or “spreader” should be put 
on the ojiposite way. In draw'ing out lound steel 
or iron, it should first be made square to as near the 
size as possible, and then the corners hammered off 
to make it l ound, as liy hammering a piece of j ound 
steel too much you will make it hollow in the middle, 
and by haninu ring round iron you will niiike it sjilit. 

In drawing out cast steel the blows of the hjimmer 
should be hard and sharp, not allowing the hammiu' 
to sto]i on the hot. metal sufliciently to cool the sur- 
face of the steel. 

How TO DRAW OUT IkON. 

When forging iron under the hammer, especially 
small iron, have a welding heat at the point, and 
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work tVom the end, a short length at a time. This 
will prevent the iron from splitting. If you want 
to make it round have it sfjuare for a stall, and as 
near the size as possible. Forge as lu.’ar to sizes as 
possible before putting it in the swages, as, if too 
large, it will be vtjry hard to lui’ii, and the swages 
will take out the heat. 



CIJAITI'IK U. 


Kkadin(; of 1)ua\vin(;k and Sm\dd Wohk. 

Thk i-eading of a can scarcely l)o ex})laijicd 

without examples, i)ut a few hints may be useful to 
the ap])renticc. lu the first }ilace, the drawing’ 
should always lu* fixed on a l)oard so tliat it can 
be seen at a ‘glance. The machined paits arc not 
always, hut should he, lined in icd and should be 



ELEVATION 


l a ( ) 

VIEW FROM TOP 



VIEW FROM BENEATH 


SIret’lies sliowing levi'v turned tner two (litlertMit ways to 
illustrate dotted Hues in a drawing; tJaso show Die hnss on the 
opposite side as if looking through the lever, 'j'he full lines .^how 
the bosi on same ^-ide. 


( 7 ) 
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plainly iignrod. Th(i general drawing is not very 
iis(ii'iil in the smithy. 

All drawings aiv, drawn to some delinite scale ; 
quarter, half, and full size arc gcuierally used, and 
one-eighth occasionally, accoiding to the size of the 
forging. Quarter size means 3 ins. to 1 ft. ov | 
in. to 1 in. ; half size, h ins. to J. ft or 4 in. to 1 in. ; 
i in. to i\ ins. to 1 ft. or in. to 1 in. 

FoKOiN(i A Key. 

J‘’or our first real job we wall take an ordinary key 
•which, if made projjcrly, is a very good beginning for 
an apprentice. If it is to be made to hie up it must 
be made to sizes given, otherwise, either the fitter 
is going tp have a lot to file off, or it wdll be too 
small. The callipers should be set to the sizes and 
closely worked to. 




A bolster is first used in the making of iron pins ; 
a straight piece of Jron is jumjied in the tool under 
a hammer. The heade.d blank is then placed in a 
pair of swages for punching cotter holes. Two 
studs should he screwed in the bottom swage and 
holes made in the. top for keeqnng the swage in 
position W’hile punching. 
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FINISHED 

PIN 





IRON TO BE PUNCH 
FORGED n 



eOLSTER 


T«>oN for ijon pui'?. 


HLr 



M 

TOP 

u 


P 

-TOOL 

HANDLE 




Tools for beiKliiig ^tal)lcs. 


IRON 

[— 1 

I TOOL I . 

'I’ool for jiimjuiig Hal iron iu Lht- middle. The iron is bcul and 
Hailcncd dowji under tfu' liamnier. 

luD 

'J’ool for making split pin«. 


¥ 
ANVILTOOL 


PIECE 

DOUBLED OVER 




I.— KiMlsiuniiHidt<ua<l.v fcr welcliij./. 
— Middle searled. 

P’ig. 3.— Finished folk. 

Fji'. 4.-T00J used. 
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Jiox Kky. 

The following sketches show how to make a lrx)x 
key, which is really three jobs in one — a pin, a 
collar, and a l)olt-head. The collar and shank in 
bolster show the method of fastening, ilie shank 
before welding the collar being slightly tapered. 




Sketches sljowiDg how to make a hox key and the various 
tools used. 


Drop the shank through the collai’ in the bolster 
and then have a punch inside tlie collai' ; a few 
blows will fasten the shank so that it will not come 
out when welding, when hot bring it out and put it 
in the sw^age and strike the shank side so as not to 
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close the liolc more than necessary. Next liave 
another weklin;^ heat, put in tlie di’ift in tlie hexagon 
swjige, niaho it hexagon inside and out to make a 
good lit for the nut. Pinish oil’ in tlnrd round 
swage. Have tin; collar about half an inch largei’ 
than across cornei- of nut for a start to allow for 
closing. 



CHAraKR 111. 


CiiiiNEKAii Smithing. 


SHACKLES TO BE FORGED 





A pair of yfiackies for chain for lioldiiig a boiler or r3’’]mder 
on a wagf^on. 

Skeffch A hhow.s a piece of iron Avitli a piece drawn denvn for 
holding while the first side it. wclde«l on as shown at 15. Then 
cut the short piece ofT atid weld on the other side as shown at 
C. The sides are then Ijent over and welded at fhe junction. 

( 18 ) 
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Shackles and tool foe bending same. 





How tf> make a hand lever; oldmelhod iiHcd in a new way. 


An old method of forii in^ a lever end can be 
greatly im})roved. Jn place of a die or stamp have 
a bolstci’ ^vith the corners Upered off and drop a 
piece of steel in the bottom, of a height correspond- 
ing tf) depth of lever boss. 










strap f)r handle for foundry ladle. The T-pie'ica c.an either 
bn welded on or drawn from Ihe solid. The latk'r method is 
the better. The flanges are then bent over and welded together 
on each side at X. 










rxE\"EKAL S^rITITIKG. 
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Tho followiijj; sliow tlu; making of a paii* 

of clanijts, ionglicd oiiL and jvady foi* ))oiiin bored 
out. Fig. A showK them linishcil. Fig. fi shows 
one part aftei’ it has hee.n foi'ged to siy.e :ifid miu ked 
down to width of swage. Fig. (■ shows the ])ait 



ZJi 



upside down in swage. It Is datlem'd down until the 
swage is full and ends aie of the pi’oper thickness, 
then a ])ieco of round hav is ])ut on top as shown. 
It is repeatedly taken out of the swage and flattened 
to propi'i* width, Th«i ends are then drawn out. 
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Jloor Wkldimi and UkakJ'J (Ikak. 



Sketch showing liorn link for endless chain, also tool for 
making same. 


TOP V TOOL 



BRAKE STRAP END 

Sketches showing how to make brake strap ends. 
( 18 ) 
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The following (=ikeichc‘i show a fork Itwev or lilting 
lever. First, rough out the steel to largest size 




The above sketches show foi-k lever. Fig. 1 shows tlie 
same being roughed out ; hated lines show wIjovo the throat 
is punched and cut out, where piece is taken down by V tool 
for being drawn nut hi middle, mkI where end is drawn down 
for boss. 

required, then take down centje piece witii V-tools 
and draw out. Next punch two cottei* holes in 
throat, of joint and cut out to dotted lines. Take 
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hold o|)|)OHito cjid and draw boss end ; hole 

iind di-(5ss up to sizt'w. 

The following sketches show how' to make a 
clutch lever. At th<‘ beginning of the W'ork the 


A 



Making a clutcli lever. 


tongs would be at the end A. After drawing the 
piece out to size of largest part of lever, the part B 
would be taken down with two pieces of round iron. 
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A flat piece of iron is then placed at each side to 
put the boss central. Beyond the boss the. part C 
is taken down by two pi(‘ces of round iron to the 
thickness of handle, and drawn out as far as part J). 
The handle may be finished ne.xt, but it is better lo 
leave this for holdin*^ with the tongs. The end A is 
heated, a hole is punched, and the end split open. 
The split parts ai-e straightened under the hammer 
and then bent to shape on a. bolster. 



K'idnoy lioop. 

The above is a ske tch of a kidney hoop J^uch 
hoops are best made in the same way p. -; ordinajy 
hoops. To find the length of metal lecjuired, add 
both width and length together, then halve it, for 
example, 8 + 4-12. Call it a (i-in. ring. Csc the 
length for a 6-in. ring, weld and make round, then 
knock the sides in to given sizes. 






GHAPTJ^K V. 

Shaft Wiij.dinh and Mnchne Fougings. 


The follow! sketch shows how to weld :i mild 
shicl shaft. First juui]) the ends uell U]) and then 
open the shaft end to a V-Hha])e. Next tapei' olf the 
jiicce to he welded in as shown. If the }>iece to be 


v-w El.i>rNG. 

A 



w'idded in is long o) fairly heavy a stand of some 
kind should be providtsd to rest the pie,ce >n while it 
is being fixed in position. II it is very short a carry- 
ing-hiir will do, one holding each side. Have two 
lires, one to heat the shaft and the other to heat the 
short piece. When hot have the tup ready and give a 
few steady blows at first. Let the tup press against 
(• 23 ) 
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tho end at each blow wliile the heat is fixed, then 
have another welding heat at A, and with the strik- 
ing hammers weld the scai-f and at B, one side at a 
time. Have a good welding heat all round and take 
under the hammer. Sometimfis it will he necessary 
to have two wedges at C. I1‘ so, make two wedges 
from round or square iron and l(‘ave ends long 
enough. Get a welding heat on the shaft and heat 
the wedges on another fire also to a welding heat. 
Fill up the hol(^ with horax and then ])iit th(' wedge 
in and weld, knocking down with striking hammer. 
This will nuikri a good sound joh. (live another 
light heat und(‘r the hammer swage and finish to 
size. 

Sketches showing method of making angle lever. 
Dotted lir^'cs on boss show it mai’ked out ready for 
iinishing. The most important [)oiiit is to mark 
lines on side when flattened out and cut olT to 
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dotted linos witli cleaver before di^wiiig on edges. 
This keeps the l(‘ver at the pr()})er angle. • 

The following sketches show another way of mak- 
ing an angle lever. A piece of square steel, Fig. \. 
is used, cut a piece out of the corner to the single 
dotted lines ; lu'xt mark the, sides to the double dotted 
lines with two pieces of round iron, one on top and 
one underneath, to the size, of boss required. For the 
next step, if it is a fairly large lever, it is best to 
punch a small hole in the boss ]«irt, as it is veiy 
much easier to hold the lever with. It must be 
small enough to allow for boring out afterwards. 
Then draw out the ends as in Fig. 11, scribe the 
bosses round with the txnnpass, and dre.ss up on 
anvil. Fig. (.■ shows the finished lever. 
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Sketch of mild steel valve lexer. Sizes marked are 
merely to illustrate iiroportion of lexer. 


The following Bketchesshow how a mild steehalvc 
lever is roughed out. The most mij)ortant thing 
about I’oughing out is to get it as near tlie angle 
as possible, and dress it up afterwards. A tem- 
plate should be made first. Sketch A shows the 
bloom taken down wdili the V-tool. Sketch J1 shows 
how to bend it. IIa\m two pieces of half round 
metal on the hammer block and a’swage on top as 
shown. ^Yhcn you have got the desired angle, 
punch tlm liole and then draw out the ends. Mark 
oft’ the boss, round uj), and let it cool. Mark oft’ 
ends to suit. Sketch C shows how’ levin- will appear 
when roughed out. 
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SKeirlies (*/ mild Mccl valve lever— roughiug-out proeess. 


The following sketch shows a method of making a 
T-rod from solid steel. Draw out one end to form 
the stem, and leave a square piece on the other end. 
Punch a hole and cut open with cleaver. Open the 
ends as wide as possible with a V-tool laid on top, 
then make it hot, hold it under the hammer, and 
open the ends further wdth striking hammer. Next 
straighten off with the tup, and trim up on the anvil. 
This method is only used when it is not desirable to 
weld the end on. The T can he made much more 
easily hy welding and jumping the end on under the 
hammer. 
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in making tho cotter, a pair of RwagcH are use- 
ful for loumling the pai’t rnarkod X. The gib can 
be di-awn out in tho middle under the hammer, or 



Sketch showing cotter and gib. 


cut out on the anvil, according to the size, or it may 
be partly drawn out, and then a piece cut at each 
end to give proper length. 

The following shows a very good way of making a 
hinge or knuckle joint with the tools. Fig. A shows 
section of tool wdth the steel ready for being taken 
out for the ends to be drawn out. Fig. B shows 
square tool, and the joint piece laid on the top of it 
ready for being forced down by a dressing tool. The 
ends can bo cut round before or afttir coming out of 
this tool. Fig. C shows the liuished joint. 
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Section of tool. 


Joint piece with ends 


drawn out. 



Fiiii.sliod joint. 

Sketches showing method of making small knuckle joint. 
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Roughing out a le^ er. In roughing out, dividing tools will 
be opiKjsito way. 



|... ..-I 



Making a shaft with collars. 
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The sketch at bottom of previous pa^e shows how 
a shaft is roughed out and finished. The liar is 
marked round with a piece of iron from ^^'hero it has 
to be drawn out. To find how much to mark for the 
middle, first get the diameter of the finished shaft, say 
3 ins., multiply it by the length, say 30 ins,, and divide 
by the area of the ])ieoe you are going to usi‘, say 5 ins. 
Add about l.| pt'r cent for heating and waste. 



Stool onJSH bar showing suitable swages for forging the same. 


Knuckle Joint.# 

The following sketches show a way of making a 
knuckle joint at the, end of a rod. One end, 'f, is 
drawn out for the tongs. The groove C shows 
whore to draw out from, ^nd also how to make a 
clean shoulder. The shank is drawn out. The piece 
is cut off at B, and the tengs clianged to the opposite 
end. A hole is punched aiid the end E is cut to 
the dgrted lines, and then opened old- as shown at I), 
3 
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to straighten np the sides under the hammer. A 
dressing piece is used for closing hack the sides to 
the proper shape. 




S.ketchef* of knucklp joint. 
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The following sketches show how' to i-ough out a 
saddle for a stationary engine. The first two views 



Saddie or oridJe sor cngiuc. 







3G blacksmith’s I’oc’kkt book. 

show the finished forging, which is afterwards 
machined all over. Fig. A shows the first piocess. 
The ])iece is taken down with a V-tool and drawn 
out to the desired length between the web parts by a 
square tool on top. The forging is next turned up- 
side down, as in Fig. B, and a square block is put 
underneath the jiart already drawn out. This holds 
it in shape while the V-tool is again used to form 
the ends. These arc marked off with a square 
shoulder for the outsid(^ length. The corners C are 
narrowed down to the width of the collar, and a 
piece is cut off under the hammer, to save trouble 
when drawing out the ends. After roughing out one 
end the piece is turned end for end, and the other 
end is worked. The forging is trimmed upon the 
anvil. 

ft 
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FINISHED STRAP 
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X 


V 


J 


STRAP ON 
MANDREL 


X5TRAP BLANK 

\ \ 

I I 



Tlio blank strip is wider at the middle, X, to allow for 
stretcliing in bonding. Tlie bent piece is bolted to a mandrel 
for swaging up the bend. 


Th« following sketch shows a trip hook made of 
mild steel. l*’ig. A shows the finished forging. In 
the first process, Fig. B, a piece is iapei ed dow’n, and 
one end is drawn out for the tongs. Next it is cut 
off at the opposite end to the size required. A hole 
is punched and the end is cut out as shown by the 
dotted lines. Aftej- cutting open, the sides of the 
piece are separated ny placing a V-tool on ton. A 
hollow square bolstej- and a large swage, is shown in 
Fig. C, will be useful for straightening up the sides 
and shaping the bend. 








SHAFT WELDING AND ENGINE FOEGINGS. B9 
Making a Mii^d Stekg (Iiontke for Governor 

Cl EAR. 

One end of the blank is first drawn out, or the 
other end is jumped up, as shown in Fig. A, The tong 



BOLSTER BOLSTER 

Governor centre — lioughing-out pvoco'^s. 
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end is then placed in a holster under the hammer, 
as in Fig. B, and the upper end is grooved with a 
round bar. A square tool with rounded edges is 
next used to open out the wings. The piece is 
taken out of the holsk'r and grooved at the sides, as 



Govoruoi’ fciitve in swages. 


shown in Fig. (!, and the ends of the wings are 
drawn out. The stem is then placed between top 
and bottom swages, Fig. D, which will draw out 
the base parts of the wings. It is then ready for 
trimming up. 
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To bend a hoop of this descrii)tion first draw 
centre line on a piece of jilate or ilooi’, then mark 
off half width of hoop, in this case 7 ins. and (i ins. 
From these two ])oinls draw' line down until it cuts 



Finislietl forging of mild steel eeiitrc ^or govemor gear. 


the centre line, then mai'k off depth of hoop, If) ins 
in this case. Set the compass from point (\ this 
gives the curve of ili** plate before being lient 
round. 


i t-e pages and ol. 
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The followinfT sketches show a pair of links for 
engine work. Letter A shows finished forging ; H 
shows wheie marked down ready for being drawn 




out; (j shows link bent for rounding centre part in 
swages under hauimer, afterwards stjaightened and 
end bosses finished on anvil or in standing dies. 




(J1[APTEK VJ. 
Dim Making. 


Die making is simply welding cast steel to iron. 
For a die as shown above a east steel square hoop 


PLAN 



Welding cast stet‘1 to iron in making a die for press work. 

is made first and welded on to an iron plate. The 
most important thing is not to overheat the cast 
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ste(il. Two fir(*s are "ciierally used, one for the 
rin^^ and one for the plate. Have tlie plate at a 
^00(1 welding heat, and the cast steel hoop at a 
much less heat. When the ]>late is hot l)ring it out 
on the anvil and clean it with a wire brush. Next 
apply the following compound freely, take the plate 
under the haitirner, add another handful of borax, 
and })lace the cast steel oti to]). A few blows with 
the hammer will then mak(‘ a sound weld. 

WkLDJNO ( OMl'Ol’NI). 

Crushed baked borax six parts ; crushed )‘aw’ borax 
ten parts ; two handfuls of line borings. To pre- 
pare this compound, crush the borax and put it in 
an iron pan on a slow fire ; allow' it to boil and cool 
dowm again, then crush as before and mix with the 
^a^v borax and borings. 
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l‘jn<:ss W oiJK. 




Swage. 

( 45 ) 
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TMan of bottom pait of swago. 



Tongs for holding and opening out a brake strap before being 
bent round. The two grips are for different centres. 




PRESS WORK. 
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J>KAKK StIUP. 




J 

1 1 


T 




J 

TOOL 1 

» 1 


1 



Bending a brake strai». The tool ybowc is used fur different 
BizCH. 
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Foiiging a Kouxd Key. 



TOOL 


« sectional elevation 



Eig. 1. — l^ar ronglu'fl ont. 

Eig. 2 . End sli}:;li1,!y bftit. 

Ei<'. d. — I’ieot* in tool. 

Eig. •}.— Einishod ndlcr key. 

Eig. 5. — Finished knock oil. 

Holler key and knock olT, both used together in press work. 
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Tho end is di;i\vn out and then head(',d in bolsters, 
as shown in Fig. 1. A flat bar is used foi* spreading 
tho piece to the desired l(sigth. It hnigtheris the 



BOLSTERS 



Fiji. 2. 

^faking F^c» ntric Rod End. 


piece without widoTiing it loo much. The end may 
be stamped in top and bottom dies, as shown in Fig. 
2, but the first method is the better for engine work. 
4 
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TIh! following sktitch shows how to make })e,vfl 
hoops in steel or shei't iron. First, mark ont the 
hoop full size on a hoard, oi’ if very huge on the 
lloor. Draw two j)arallel lines cutting the inner and 



Sketch showing u bucket or hoop. Tlie dotted hues 
show where to scribe; top and botLoni of bevel before bending 
plate. Fitr length of hoop, inoasuro as an ouiinary ring from 
centre of lioi»p. 


outer circles, and join the ]>oints where these lines 
cut the circles hy two linos meeting inside. The 
point where they iiKjet is the ceiiti'e foi* the compass 
or trammel which should then he set to the circles 
foj’ sci'ibing. 
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ANOTJTKli '\[kTH()1) of MaKIN'(; \ SgUAJiK Jiox 
Key ok Tap Key, 

First make a collar round on the outside, and 
S(juare on llie inside. Next a piece of S(juare 
iron of the si;^e of the inside of collar. Have a wt'ld- 
ing heat on holli ]}ieces, and placeVhe collar on the 
square anvil tool, and the square iion inside the 
collar. A few hlo',,s on top of the square* iron 
will make a good wold. Next have anc^her weld- 
ing heat and a inandi'el fji- the iiisid(*, and square 
up to size. AYhen the collar end is finished, have 
a pair of narrow swages foi- the neck, then draw 
the stem part out lo correspond. 
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Making a T-knd for Square Box Mm . 

PLAN OF DIE 



When using dies no jumping is reqiift-cil. The 
two pieces are put straight in the die. 
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Where no dies arc available, top and bottom 
swfiges for anvil are veiy useful, as shown. The 
cross piece is jumped in tlie middle, and the end of 
stalk is split. The parts arc stuck together, again 
he.ated, and welded in the. swages. 

A Fkw “Don’ts” rou Bij.\CKsMn'Hs. 

Don’t work with a dirty lire. A clean lii'c makes a 
clean heat, especially wlien welding. 

Don’t, use too big a ])iece of iron in the swages. 
Wh(‘n nearei* th(‘ si/(‘ it will he more easily 
tuiaied, and perha])s save the swages. 

Don’t harass the haminor-boy when it’s not his fault 
that things ai-e not going well. 

Don’t work with hot tongs. 

Don’t leave the sera]) to l)e Iroddi'ii on. 

Don’t ponder over a waster. Start afnish at once, 
or your waster will waste mo)'e tinu'. 

Don’t use your hand hammer for a punch — it’s 
dangej’ous. 

Don’t alter otlier men’s tongs without ]K*rmission. 
J)on’t s{iy “that’s near enonglj ” wdien a joh is done. 
Bay “ that’s all right ". 

Don’t mistake \oifi- mate for a steam-hammer. 

Don’t W'oik iron or steel when cold. 

Don’t use tongs uncler th(‘ hammer without coupling 
on. 

Don’t force the calli])ers when trying tliem on; it 
won’t make the iron any smaller. 
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A FjiW “ Don’tS ” TO TKK ToohSMlTH. 

])ori’t for^^ct to air tho water in tlu^ the first 

thinrj ill tlie morning. 

Don t put the blast on full vIkmi pnttin^^ tool-stoe.1 in 
the fire ; let it heat very ^uMitly for a stai’t. 

Don t keep tlie steel in the fini when liot, as it is 
likely to hum ev(Mi wIkmi tlie blast is oil’. 

Don t tor^c cast-steel aftfu* it <lro])s to a dull red hi'at, 
as it syioils the stc‘(‘l, and is lil\(‘ly to make it 
crack whim hardfsied. 

Don t lorget to brand al tools with tlu^ initials of 
the maker of the st(‘el. so that on can tell it 
and know how to tr(*at it next time. 

Don’t try to cut cast-st(*el wheai cold. 

Don’t worry; heat slowly; work briskly. 

Things Not to Fokgkt. 

Don’t I'or^^et to air swages and tool in cold weiiileu' 
before rising Lh(*m under the haniraei’. 

Don’t for^^<‘t to turn lln^ iron towards youi mate 
when swaging under llui hamnnu’; it will kia'j) 
the loose swage on. 

Don’t forget that a long scarf is best for welding 
steel; it is not so liable to, sli]) hack. 

Don’t forget to foi ni the job in your mind hefort^ 
you foi-m it O’- the. anvil. 

rNTllODlJCTlON OK Till A i'eUKN FKT. TO THK ToOH 
FMvK. 

We wdll now^ ii troduce our apprentice to the tool 

fire, and begin by .showing sketches of tools used by 

some of the various inacliiiie men. It is very im- 
portant, that the toolsrnith should knew the names 
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Vaiuous Machine Tooi.s. 


Side tool. 


Roughing tool. 


Boring tool. 


Spring tool. 


Parting tool. 


Slotting tool. 


zd 


0 




Slotting tool. ^ 


Slotting tool. 






Cutter tool. 
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and uses of the tools he has to deal with, which is 
the cutting edge, whore to allow for clearance, etc. 
Most of the following tools are made of high-speed 
steel. 


Names of somp] Chisels, 

Elat. 

C'ross-cut. 

Diamond-point. 

Gouge. 

Cow-n .nth. 

The toolsmith has to deal mainly with two kinds 
of steel, ordinary cast steel and high-speed steel, and 
with three degrees of hardening. We will first take 
high-speed steel, which is not very dillicult to harden. 
This steel, and indeed all tool steel, mu^ft he heated 
very slowly in a clean red fire, and must not he 
a11o^\cd to remain in the fire after it is hot, even if 
the blast is oil. When steel is licated too quickly 
the outside of the steel gets hot before the inside, 
and if worked in this state the shicl will crack on 
the surface and so he spoiled and useless when 
hardened. IJigh-speed steel should he kept from 
water, and should not he put on t-^ie damp floor when 
hot. Jt should not be worked below a dull red beat. 
Great care should ;>e taken that it is not ovcrh(‘atcd, 
and it should he hard^'iied in a cold blast. 

The ordinary cast .'el requires over} attention 
and care if satisfacoory results are to be obtained. 
W^e will first take a chisel, which, after being drawn 
down, must be, what is termed, tempered or hardened. 
To make a chisel that will stand a test is a very im- 
portant part of the toolsiinth's duty. Jn >mpering, 
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place the chisel in the fire without the blast on and 
heat tlie end for about 1 in. long with a gradual 
heat, that is, don’t ltd. the h(‘at sto]) at one particular 
spot, hut have a dull red heat about 1 in. up, and 
then taper to a black h<*at. This ])veYents the chisel 
from breaking at the ])art where it has been dijipcd. 
Dip the chisel once slowly and horizontally in the 
water, then rub the jioint with a piece of stone and 
watch the colour until it becomes a light straw at 
about I in. from the point. Now dip it in the water 
very quickly and out again, rub with the stone, and 
allow the colour lo run, this tinu^ to a light blue, and 
finally di]) olT. 

The following ‘-ketches show how a finishing tool 
is hardened, and also a scale of the various colours 
as they a])j)ear when the steel is placed on the hot 
iron. After th(‘ tool has been heated to a bright red 
dip it straight away in the water. ^Vh(‘n thoroughly 
cold, rub the jiart to he hardent'd with a piece of 
emery cloth to give it a ])olished surface again. The 
part just cooled off ^^ill he extremely hard, and show 
a white, colour. It now requires, what is generally 
termed, “letting down,” that is, bringing fiom 
extreme hardnf^ss to the ])roper tenqier, so that it 
will not break by being loo hard or Uie conuTS rub 
off by lieing too soft, IMace a piece of iron at about 
red heat on the anvil, and lay th(i tool on it, as shown 
in Dig. (>. Don’t hav(‘ the iron too hot, hut have 
another })iece ready in tie* lii'c for use when the first 
piece gets too cold. It is heUrn- to use two or three 
pieces than to have one piece too }ioi,as it allows the 
temi)er to run more evenly and gt’iitly. When the 
light straw colour reaches the shoulder X draw, the 
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tool hack as shown in Fifij. A. The colour will then 
very quickly run to the end of the tool, which must 
be quenched off irninediiit6‘l3\ The tool is now 
ready for use. 


/CUTTING EDGE 



J 

TOOL 


HOT IRON 1 




A 


Ilarduiiiiig process of a tunior’s finit hing tool. 
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Names of some High-speed Tool STEEiiS. 

Glen Kapiil. 

■J3owl(‘r. 

Edgar Allen. 

Novo. 

Tri])lo High Speed. 

Mushet. 

Ultra Capital. 

8ii])er Tia]>id. 

Self-hardening. 

Triple Mushet. 

New Capital. 

Case JIardkning. 

Our next kind of hardening will he case hardening, 
which, as the name indicates, is hardening steel or 
iron on the cast* or outside to a certain depth. 
Opinions difl’er as to how far case haidcning pene- 
trates below the surface, hut it may ht^ assumed to 
he not more than i in. in depth. It is generally 
applied to artichjs that aie likely to wear on the 
surface hy friction. Most parts of engine work, 
especially pins, {^tc., are so treated. It can he 
used for cast steel and mild steel, and also for 
iron, with a ])roportionate amount of success. For 
mild steel the article should he dipped when a little 
hotter than for cast ste(*I. In case hardening we 
follow the same rules as in othei' hardening. If the 
article to be hardened has a polished surface it 
should not bo so overheated as to scale it, as it will 
afterwards show little black specks, and will he very 
difficult to polish to the same degree again. F.irst, 
get the article to be hardened to a dullish red heat 
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and ai)ply powden-cd ])otasli to iliu surface. Thv 
host way is to use a ])it;c(5 of hoop ii'f)n to put the 
])otash on and lieat it. ^V^len the potasli herons to 
melt ruh it over tlie burfaee l)y the aid of thi; hoop 
iron. This pri'vents a scale from foriiiin^ on the 
steel, and allows the potash to penetrate. After it 
has become ahsorhed put the article hack on the fire 
for a few' minutes, take it out again and ruh it over 
with the iron. Finally, dip it ofT in the* water, mov- 
ing it about in a horizontal position if it is anything 
that is likely to bend, as jiis keeps the steam from 
coming in contact wdth the hot steel and prevents it 
from honding. 

All steel to be hardcTied in this way should be 
heated in a stove, which heats mor(* evenly and 
slowly. If there is no stove kept in th^e smithy, a 
very good ])lan is to build a ttunporaiy one of loose 
li re-bricks I'ound the ordinaiy fir(‘, using an iron 
plate for the top. This keei)s all draught from ih** 
steel whih- lu'ating, or the article may be covered 
with a ]date. The same conditions should be main- 
tained when letting down hardeiied steel, that is to 
say, all draughts should he avoided, as they prevent 
the temper from rising. 

The H.\]U)ENino of Twist Drills and Screwing 
Taps. 

In the hardening of twist drills and ocrewing taps 
in an ordinaiy lire w ithout a stove and proper ap- 
pliances, great care iiiust h(‘ taken in order to obtain 
fairly good results. As belore mentioned, stoves are 
best for hai'dcjning purpost's to secure an even and 
slow heat, it being most ossei^tial that the heat 
should be the same all over uefore anything is dipped 
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for hardcniiij;. in luirdonin^ a screwing Uj) oi’ twist 
drill tak<‘ a ])i(‘cc of iron j)i]nng iind put the drill or 
tap inside it, cover ii]i the. end so that the pi ])0 will 
act as a siove, then co\er up in the lire and heat very 
slowly. When at a dull red, take it in a paii’ of 
tongs and dij) it horizontally in the water, inoviiig it 
gently up and down so a.s to ke(^p the steam from 
coming in contact with the steel, thereby preventing 
the article from Iwmding. When ])erfectly cold 
polish u]i again, hold it over the tire, hut not on the 
lire, and keep pouring oil from th(‘ oil-can on the; tap. 
The best ]dan is to have something to I’cst the tongs 
u])on 4 or 5 ins. highei* than tlie top of tlie lire, so 
that you can kee]) tiu'ning the a)'ticle round at a 
distance from tin* ine. J)on’t let the article get 
dry, but keep lifting it otl‘ and [lOuring on the oil. 
Now take ])articular nutic(‘ when the oil begins to 
smoke,. Before it g(‘ls to a dark smoke, or better 
still, as soon as the oil blazes all over the ta]), it is 
ready for (lip})ing. 

In the hardening of liglit springs an open fin* will 
do, the ])iping therefore not lieing required. The 
same ti'eatment with the oil, however, is necessary. 

.Annmalino. 

4u most large works a stove is provided for this 
jmrjiose, but in smaller shops a pit may he made in 
the dooi', either hrickerl round oi- not. The steel 
forging is heated and placed in fine ashes in the pit, 
a few handfuls of sawdust being jilaced over it. A 
cover plate is put on and the forging will then keep 
hot for days. Small articles should be heated and 
buried iu lime. 



(CHAPTER VIII. 

W.xaaoN AVoiiK. 

W l‘oi- ^vo^k nifulo in a die, iSo scaifing 

or jiiiii])iu^ is rc([uiro(i, tlio ]Ku ts b dug simply dubbod 



togetbor in the du',. For repairs where tio die is at- 
hand, split tlie edges, as shown in %ur(5 A, of the U 
pieoe, and weld the wing in on th- anvil. 
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Fiu. 1 showK spi ing fiooj) lor work, and the 

place, to wold the strip in inandn'I. 2 shows a 

buffer hoop in position on the anvil whc'n welding. 



Ki". 2— BulTer lioo]). 


The front is struck with the backing hammer, and 
the hand hammer is used on the top at the same 
time. 




Two ways of making a knee for waggon work. The 
first is forged solid and the second is glut welded. 


0 
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I 


= 4 ., 

SPLIT END 

Back Tor waggfjn lirako lev(>r. 


The end of the upstandiii*; part is s])lit to save 
jumping befoif* it is heiit down arid welded to the 
eurved part. 
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Many lioo]<s ai-c now sl>ani])i‘(l, l)ul for stivn*];th 
and durability band-niado ono.^i am Ix^st. Th('. cyo 
ond A should bo bout slightly and tbon croolod out 
before ))uttin^^ it in Ll)o tool. It should bo biought to 
a proper heat, lilted \n the tool, and pulled lound to 
8ha])e. Hooks should al\va\s be made of b(!st iron. 



StAMI’ING. 

Dies for staiiijjin*^ i>Y tlu' steam hannner, a process 
similar to di'Op stamping, are all inadt‘ in a similar 
way. In some for^^dn^a an article can b(? stamped 
bylhe use of a single die, while in others a top a.nd 
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hottolii clili imiKi he used. The impi'essif)n of the 
forgiii.*; to ))e, made is sunk in the die;. It should in 
all cases have a litll(‘ taper, so that tiu', forjL^ing ^vill 
come out mor(^ easily, and shouKl h(‘ machiiied out 
in the machine slio]* from the. solid block, and then 
hardened on lh(‘ face A\ith potash. Studs should he 
screwed in the hottom die at the coiTiers, and holes 
made in the lop die for a j^uide. Small J-iu. holes 
should h(‘ made in the sides for liftin^^ tlu' dies on 
and off the hammer. For^^in*.!;^ c:m tMtluM- he made 



PLAN OF DIE 


3 


OVERLAPPED IRON 


from th(‘ solid, that is, roughed out from th(* har, or 
from ordinary round ii’on oveila])])ed, sis the above 
figurt*s show. ^ 

All that is required in making a love]- end of this 
description is a single die and a piece of round iron 
turned over at the end as shown. With a good 
WTdding heat th«i lev(ir end is readily formed. 

it is unnecessary to show th<^ vai'ious stamps or 
dies that can he used under a steam hainnier, since 
practically everything that can he made with a drop 
stamp can he made by a die stamp, provided the 
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hammer is li('avy enough. The metal used for 
forging in di(is (Ie})en(ls n])on the nature of the 
particular articli' to l)e made. Levers and rods for 
engine work should he mad(‘ of mild si(*el, and 
should be roughed out before being finished in the 
dies. Joints can he made from tlu; solid or by weld- 
ing the joint end on to the rod, according to the use 
to which the aitlcde, is to b(‘, ])ut. When* ])()ssihle, 
round iron is best for stanijung. Hooks foi" sling 
chains should he made of best iron, and can he pro- 
duced veiy easily and ehea])ly by stamping, since, in 
most cases, all that is reejnired is a jiiece of iron 
bent to the sha))e of a crook and ])laced in tfie die. 
Dies should he kept cool dui’ing the intervals of use 
hy pouring on water on Ihem aftm- lists They should 
be wijied off hefoi’e being used agair^ When a 
number of forgings of one kiiul are to he stamped, 
it is wwth while having what is calh'd a “ trimming 
die,” that is, a die for cutting off the Hash that 
remains after the article lias been stamped. This 
die need not he made of solid steel ; it will do 
just as wt;ll made from iron with a jiiece of thin 
cast steel ri\eted on the face. It must he made to 
the outsidt' sliape aud size of the ai tich', with the 
top piece similai-iy shaped. In ^ome cases the Hash 
can he cut off when the forging is cold. Mliile in 
others it must be warm. This depends u]ion the 
thickness of the Hash and tlie size of tlu' forging. 

The following figures show a trimming die for 
cutting off the fray or Hash from a lever end afti'V it 
has been stamped. Fig. 1 sho\\s the punch ; J'^ig. 2 
the plate or guide for the punch, which fits on tojj of 
thotool. The tool is the same shape in jilari as the 
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plai(?, exco2)t the handle. There should be two 
pegs in the tool and two holes in the plate as shown, 
the length of thci pegs being according to the thick- 
ness of the Hash, so that they will not be above 
the level of the plate. Fig. 4 shows the lever after 




stam])ing ami leady for trimming u}) in the tool. 
Forgings, for instance spanners, that are stam])e(l by 
toj) and bottom dies do not requii ti a guide ])latc for 
the trimming tool, as the Hash is central. Tools ol 
the shape desci-ibed are very useful for stamping 
washers, (dc. 
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Details of FiAitGio and Small Dies. 



Kigs, J and 2 show « dio forn central boss angle lover. 

Fig. 3 shows wliere holes are placed in a small die for lifting it 
on and oiT the hammer. Two are sullicicnt for guides 
on vsniall dies. Sufficient space should be left between 
pegs and forging to allow for Ha.sh. 

Fig.* 4 shows a handle for lifting small dich. 

Fig. 5 shows a nipple for fixing in bottom of die. 
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A mild steel angle lever may 1)6 made in the 
following manner : Kough out two pieces each like 
an ordinary straiglit h'ver and j)lac(‘. thorn hack to 


Stamiuno an Angle IjEVkk. 



hack in the die as shown in Kig. ]. Two fires are 
generally used for^ heating, oiui for each piece, and 
two mates are emjrloyed, standing at the two sides, 
h'ig. 2 shows the tw’o level's stamjiod into one. 
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Ways of Stamimno a Lfykt?. 



Fiq.l. 



1 shows fiiushrtl Icv'^r stain^wl. 

2 shows Ipvov drawn from the solid read; for stainpinj^. 
It slvmld l>e smallei in diainetor to go ii, the die easily, 
and thicker to fill up the die when liiiishetl. 

Fig. 13 shows a lever made from round bar wliieh should be large 
enough to form tlu' shank. One piece is cut partlv 
through and turned over, and the other piece i'* welded ou. 
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Old ANf) Kkw W'a\s ok iMAKiN(i a Levkb. 



FINISHED LEVER 


~ I 

I - - h 

STAMPING FROM ROUND IRON 



Fi^. A sliovvs hf)\v it. would l>o sUnuj)cd iu di'^s uudcr the 
liauimer frouj two picccH of rouud irou. 

Fig. IJ shows corners cut oil and rounded up wdli swage. 

Fig. 0 shows boas made from two washers. 
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\KIN(; iioli'I'S. 



To rnakf' t-ye bolls in tliis tool^lii-st Imuk.! tho non 
I'in" and make a scarl' in lh<* ordinary way, then lay 
it in tho tool. Lay on a ])iece of roinul iv<in, as 
shown, to foini a scarl, heat both and dab 

tot^eiheJ' on the anvil, then take another weldinj^ 
heat and plact* it in the tool. 
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J’ilVKTS. 



Paii-lu*tule(J Hivot in position Conical head 

rivet. for iiend to he fin i ■shod with 

fonned. liand hannner. 


.l^OLLKO Sk(’tio\ ok ]]{0v a\i> Htijikl Kivkts. 



Italf round, Fiat. Square. Uound. 






WAGfiON WOBK. 79 



Snap iiv Clip hoad rivrt.. 
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To find tlu! si/.o of square holt head or nut 
re(|uired for a f^iven size of holt, take 1.! times the 
diameter of the. l>olt and add in. lor examide, 
foi- a 1 in. l)o]t the h(‘ad is in. square ; for a 1| 
in. holt the head is 2 ins. square. The, sizes for 
various holts are ‘^iven in the foJlowin^^ table : — 

TABLE OF IKON USED FOU :^[AKTNO SQCAUE BOLT 
HEADS AND SIZES OF SQUAitE BOLT HEADS. 

l>Kiru«.*ter <»f I Sj/c ol Iron, Si/e of Holt Heail. | 


ill. ill. X ’ in. ; in. sq. 



To find Avh.it sizi* of sijuare ean be made from 
a ‘rjvfn size of roTmd iron, a lou^di method is to 
multiply tin* diameter of the loiind bar liv 7, and 
take the nearest whole numhei* of the result as 
the side of the square. For example, for a 3-iij. 
jound bar, 7 x 3 21 ; a 2-in. sipiai’e can he made. 

Foj- a 4-in. round bur, 7 x 4 28; a 3-in. square 

can he made. This approximate method is useful 
in j'ou'^hing down work. 

Jn calculating the iengtli of ij’oii for a hoop, 
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Tnulti])ly Uu', iiisichi diiinu'tor of th(^ fiooj) hy Ij, 
add thi'w tirru's iho tliiclmoss of 1h«‘ iron list'd, and 
> in. for f'vovy 2) of ilit' ivsuli. Allow foi* wrldinj^ 
and jumping. 1'V)]‘ an,i^li‘ iron boo])s thn dianndnr 
is measured from outsitle to outsidt* of the root or 
corner. 


IMkck-Wouk. 

Piece-work, or paynu'nt hy results, is a syNtem 
tiiat is likely to ht; ado])tt'(l sooner or latei- in all 
enginei'rin;.; works throuj^houi the eounljy. Tliero- 
foi'e the. sooner we stnd\ the sulijt'Ct the lieitcT it 
will he for ourselvt's, tht' em])lo\er, niid the trade 
generally. Pndei fair conditions and jirici^s, it is 
more in1,(‘r(‘sting and ]>iolilahle to th«‘ \\ojknian than 
day work. The thi'ei' most essi'ntinl things for a 
satisfactory piee.(*-work s\stein an*, goo?l tools, an 
orderly inetliod. and a good nmt(‘. Th(‘ tii*st thing 
to he seen to before starting is the snitiihilliy ot 
the tools for the )varticnlar job you are about to do. 
If it is hammer work ^oii should see that you h:ive 
proper tongs, s^\ages, cleavins, etc. If a large 
number of one paiiicnlar article is j-eqiiired it often 
pays to make special tools for the job at the bt'gin- 
iiing. If yon are working uiuhh’ the hammer, set 
your mind on doing a certain (juantitx of work in 
one heat, to avoid having to go over tlie same jiart 
twice. Don’t w'oik afh v the iron is coid, hut leavt' 
off, and do tiie .same <]uantity of work eveiy time. 
Houghing out should he done as neatly and quickly 
as possible, leaving the greater p.irt of the time for 
finishing off the W'oi’k, if this has to he done on the 
anvil. Always w'ork on a system adapted to the 
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job you art* oiigaj^f'd on. l'"oi- example, if you can 
arranf^e to bavt* one ])i(‘-ce bcatiiijr in (.he fire while 
vou art* tlrawin^ out under tht* liamnier you cafu 
soiiietiuH's keep up a continuous jirocess and save’ 
a ^U’eat. amount of time, as most of the time must be 
saved in roii^bin^ out. If j’ou are makin/:^ joints or 
levers do all the rougbin;,' out first and finishing 
aftei'wai'ds in different stages. If you aiv on light 
work, such as bolts, cut off all tbe iiori for tbe day, 
bend all tbe collars, and then weld all tbe heads on 
together, taking the })ieces in ]iairs so that you 
always have oue piect* in the fire while sou are 
working the other one, Tht* saint* ap]ilit*s to collars. 
Cut off the ])iec(‘s to tbe dt'sired length, bend round, 
and do all the wielding at tbe iinisb. In fact, in 
]jiece-work it is not ahvays a matlei’ of S])eed or hard 
work, but of the particular systt‘m or method of 
working you adojit. 

Tuk I)rTiKs t)i' A Toumman Smith. 

Before cxjilaining tbe duties of a foreman, I 
should like to say a few words to tlu* would-be 
foreman, hirst of all, 1 would rt'com mend him not 
to stop too long at one shoj), unless it is that of a 
very larg^ firm, anti tht‘]’e is a chance t)f obtaining 
an umler-foremart’s job. As most apitlicants for a 
foreman's job know, getting tlm first situation is the 
most diflicult, because very often an emjiloyer pre- 
fers a stranger, even when a casual vacancy occurs. 
An old hand may be as competent, ambitious, apd 
energetic as a strangtir, but the employt*r looks for 
experience, and judges it by the number of places 
you have w^orked at. Perhaps this is a right view 
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to take, because a nuiti would have; more control 
over a stranj^e sho]) than over his old shoj) mates. 
A^aiu, it docs not sdways follow that the. best woi'k- 
man makes tbe best foreman. This is a \\(‘ll-estab- 
lished fact. But the fon-maii must have <{ualihca- 
tions which tluj ]>est workmen have not al\\a\s ^ot. 
lie should, lirst of all, Lhoioiij^hly uuderstaiid his 
trad*;, he a deep lhink(‘i‘, and understand the outlook 
and tem])eranH‘nts of the vai'ious classes of men he 
has under him. He must hij sociable, and yet linn, 
and a man of ideas. It is bis dut\ to see that the 
work is turned out in ;,^ood condition, and as quickly 
as modern methods will allow. Jle should that 
the appreutic(i is propeil\ Itioked after, and he as 
sociable with him as ids position will allow', eu- 
coLira^iu^ him to come to him for couiis(>l and ad- 
vice on all matters connected with his work. He 
should see that the work is pioperly dealt out, ^ivin^ 
the light work to the man most suited for it, and the 
same w'ith tlio heav\ work, as some men are good 
on light W'ork, and others on hea\ y. He should s( e 
that the shop is kejit clean and tidy, that all tools and 
dies are ke])t in good order and repair, and that 
another job is alwa\s ready for a man W'lu'.n he has 
finished the one he is on, so that there is no waste 
of tiiru*. If a man is not used to drawings, hc^ sliould 
give him a full explanation of what is required. 
This is especially nect‘Sf,;u*y for an a-)j])re.ntice. He 
should he able to give a quick decision of tbe time 
and price of any work that comes under his control. 
He should thoroughh undc.rstand dniw'ings, and he 
able to mak(i a good fretdiaiul skeU'h. He should he 
good at figures and arithmetic. He should see that 
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no work is done in the smith’s shop that could he 
done cheaper in the machine shop, and that no work 
is done in th(i machine shop that could be dorfc 
clicaper in the smith’s shop, since, by agreement be- 
tween the foreanen of these two d(ipartmonts, much 
time and (‘xpensc can be saved to the employer. 
He should also l)e a ^ood Li]Tiekee})er, sober, shiady, 
and industrious in all things, with a desire inde- 
])endent of the liiiancial point of view to attain his 
hi^diest ambilion,— ])i‘Oi(ress and ])roniotion. 


The Km). 
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